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DOWNHOLE GAS SEPARATOR HAVING 
MULTIPLE SEPARATION CHAMBERS 

FIELD OF THE INVENTION 

The present invention relates generally to submergible 
pumping systems for raising ?uids from Wells, and particu 
larly to a gas separator designed for use in a submergible 
pumping system. 

BACKGROUND OF THE INVENTION 

Submergible pumping systems are used for raising ?uids, 
such as petroleum, through a Wellbore drilled into the earth. 
The production ?uids enter the Wellbore via perforations 
formed in a Well casing adjacent a production formation. 
Fluids, e.g. petroleum, contained in the formation collect in 
the Wellbore and may be raised by the submergible pumping 
system to a collection point in another Zone or above the 
surface of the earth. 

Commonly, the produced ?uid is a mixture of liquid and 
gas components. The gas component distributed through the 
?uid can reduce the e?iciency of the submergible pump, and 
potentially can damage or reduce the life of the pump. Gas 
separators have been used to separate the gas component 
from the ?uid prior to its entering the submergible pump of 
the submergible pumping system. Thus, the gas component 
can be routed around the pump and vented to the surface 
through, for example, the annulus formed betWeen the 
Wellbore casing and the tubing utiliZed to carry the produced 
?uid. Once the gas is separated, the liquid component may 
be pumped through, for instance, the production tubing or 
coiled tubing used to deploy the submergible pumping 
system. 

Aconventional gas separator uses an inducer to induce the 
produced ?uid into a circular ?oW pattern as it moves 
through the holloW interior of the gas separator. Speci?cally, 
the inducer draWs ?uid from the Wellbore into the gas 
separator Where it is circulated along an interior Wall of the 
gas separator as it moves upWardly into a separation cham 
ber. Avortex generator, such as a propeller or a cylinder, is 
disposed in the separation chamber and is used to promote 
the circulation of ?uid and the creation of a vortex. The 
centrifugal force created by the circulation causes the 
heavier liquid component to move to a radially outWard 
position, While the lighter gas component remains in a more 
centraliZed radial position. Appropriate outlet channels are 
used to vent the gas component and to direct the liquid 
component to the submergible pump. 

Generally, the gas separator is connected betWeen a 
submergible electric motor and the submergible pump. A 
drive shaft connects the submergible electric motor With the 
submergible pump and provides poWer thereto. The drive 
shaft extends through the holloW interior of the gas 
separator, and often is used to rotate the inducer. Typically, 
the drive shaft is composed of individual sections in each 
system component. For example, the gas separator may 
include a self-contained section of the drive shaft designed 
to matingly engage a section of the drive shaft disposed in 
the submergible pump. 

The gas separator also may include a propeller or rotating 
cylinder mounted to the shaft above the inducer. This 
propeller or rotating cylinder helps create a vortex Within the 
gas separator to facilitate separation. 
Aproblem With conventional gas separators, hoWever, is 

that the separation chamber is not long enough to alloW 
sufficient separation of the gas and liquid as the ?uid 
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2 
circulates through the chamber. On the other hand, the 
separation chamber is not readily lengthened because the 
drive shaft cannot be alloWed to extend unsupported through 
a lengthened chamber. In the latter situation, vibrations 
develop in the shaft that can damage the gas separator or 
reduce its effective life. 

It Would be advantageous to have multiple, consecutive 
separation chambers to facilitate a greater separation of the 
gas and liquid components, While supporting the drive shaft 
to reduce or eliminate detrimental vibration. 

SUMMARY OF THE INVENTION 

The present invention features a doWnhole, gas separator 
for use in a submergible pumping system. The gas separator 
comprises an outer housing including a generally holloW 
interior divided into a plurality of separation chambers. A 
rotatable shaft extends through the generally holloW interior, 
and an inducer is mounted Within the holloW interior. A 
plurality of ?oW-through bearings are distributed along the 
holloW interior to support the rotatable shaft. Additionally, a 
plurality of vortex generators are disposed in the holloW 
interior. At least one ?oW-through bearing and at least one 
vortex generator is disposed in each separation chamber. 

According to another aspect of the present invention, a 
submergible pumping system includes a submergible pump 
and a submergible motor. Adrive shaft is connected betWeen 
the submergible pump and the submergible motor to dis 
tribute poWer from the motor to the pump. Additionally, a 
gas separator is mounted intermediate the submergible pump 
and the submergible motor. The gas separator comprises a 
plurality of gas separation regions. 

According to another aspect of the present invention, a 
method is provided for separating gas and liquid compo 
nents Within a produced ?uid stream. The ?uid stream is 
pumped by a submergible pumping system having a sub 
mergible motor coupled to a submergible pump by a rotat 
able drive shaft for use in a doWnhole, Wellbore environ 
ment. The method comprises directing a ?oW of ?uid 
through a holloW interior of a gas separator. Additionally, the 
method includes inducing a generally circular motion to the 
?oW of ?uid as it passes through the holloW interior. Further, 
the method includes supporting the rotatable drive shaft With 
a plurality of ?oW-through bearings at a plurality of regions 
along the holloW interior of the gas separator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention Will hereafter be described With reference 
to the accompanying draWings, Wherein like reference 
numerals denote like elements, and: 

FIG. 1 is a front elevational vieW of a submergible 
pumping system positioned in a Wellbore, according to a 
preferred embodiment of the present invention; 

FIG. 2 is an alternate embodiment of the submergible 
pumping system illustrated in FIG. 1; 

FIG. 3 is a partial cross-sectional vieW taken generally 
along the axis of the gas separator illustrated in FIG. 1; 

FIG. 4 is a cross-sectional vieW taken generally along line 
4—4 of FIG. 3; 

FIG. 5 is a partial cross-sectional vieW taken generally 
along the axis of an alternate embodiment of the gas 
separator illustrated in FIG. 3; 

FIG. 6 is a partial cross-sectional vieW taken generally 
along the axis of another alternate embodiment of the gas 
separator illustrated in FIG. 3; and 

FIG. 7 is a partial cross-sectional vieW taken generally 
along the axis of another alternate embodiment of the gas 
separator illustrated in FIG. 3. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring generally to FIG. 1, a submergible pumping 
system 10 is illustrated according to a preferred embodiment 
of the present invention. The overall submergible pumping 
system 10 may comprise a variety of components, depend 
ing on the particular application or environment in Which the 
system is used. System 10 typically includes, hoWever, at 
least a submergible pump 12, a submergible motor 14, a 
motor protector 16 and a gas separator 18. 

System 10 is designed for deployment in a Well 20 drilled 
in a geological formation 22, containing desirable produc 
tion ?uids, such as petroleum. In a typical application, a 
Wellbore 24 is drilled into geological formation 22 and lined 
With a Wellbore casing 26. Submergible pumping system 10 
is deployed Within Wellbore 24 to a desired location for 
pumping of the Wellbore ?uids. 
An appropriate deployment system 28 is utiliZed to sus 

pend system 10 in Wellbore 24. Deployment system 28 may 
include, by Way of example, deployment cable or a tubing 
system 30, such as coil tubing or production tubing, through 
Which the produced ?uid is pumped by submergible pump 
12. 
As schematically illustrated in FIG. 1, gas separator 18 

includes an outer housing 32 having a holloW interior 34. 
HolloW interior 34 is divided into a plurality of separation 
chambers 36. The use of multiple separation chambers 36 
lengthens the area over Which separation of gas and liquid 
occurs to facilitate a greater degree of separation. 
A drive shaft 38 extends through holloW interior 34 and 

transfers poWer from submergible motor 14 to submergible 
pump 12. In an exemplary embodiment, submergible pump 
12 comprises a centrifugal pump having a plurality of 
impellers (not shoWn) that are rotated by drive shaft 38. 
Often, drive shaft 38 is formed from individual sections that 
remain With a speci?c component, such as gas separator 18 
or motor protector 16. For example, gas separator 18 utiliZes 
a drive shaft section 40 that may be coupled to correspond 
ing drive shaft sections in submergible pump 12 and motor 
protector 16, as With conventional submergible pumping 
systems. 

Gas separator 18 includes an inducer 42, a plurality of 
?oW-through bearings, such as ?rst ?oW-through bearing 44 
and second ?oW-through bearing 46, and a plurality of 
vortex generators, such as ?rst vortex generator 48 and 
second vortex generator 50. Preferably, at least one ?oW 
through bearing 44, 46 and at least one vortex generator 48, 
50 are disposed in each separation region or chamber 36. 

In operation, ?uid is draWn through a ?uid intake 52 by 
submergible pump 12. This ?uid is induced into a generally 
circular pattern of motion, by inducer 42, along an interior 
Wall 54 that de?nes holloW interior 34. The ?uid circulates 
in a coiled or helical pattern upWardly through gas separator 
18. First and second ?oW-through bearings 44 and 46 permit 
the circulating ?uid to continue moving upWardly Without 
substantially interfering With the ?uid ?oW. HoWever, each 
bearing 44 and 46 fully supports drive shaft section 40 
Within holloW interior 34 to nullify any detrimental vibration 
during operation. Furthermore, interior Wall 54 preferably is 
substantially straight in the axial direction to facilitate 
smooth uninterrupted ?oW from one separation chamber 36 
to the next. In other Words, Wall 54 is substantially parallel, 
i.e. concentric, With a central axis 55 extending through gas 
separator 18. The design of interior Wall 54 further permits 
continued maintenance of the vortex as the ?uid ?oWs 
through consecutive separation chambers. 
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4 
As the ?uid moves through ?rst ?oW-through bearing 44, 

?rst vortex generator 48 helps generate and maintain a 
vortex that facilitates separation of gas and liquid compo 
nents. This separation process continues as the ?uid ?oW 
continues to move upWardly from one separation chamber 
36 to the next. The ?uid moves through second ?oW-through 
bearing 46 and past second vortex generator 50, Which also 
aids in generating and maintaining the vortex for enhanced 
separation of gas and liquid components. 
The centrifugal force acting on the circulating ?uid moves 

the heavier liquid to the radially outer area of holloW interior 
34, While the lighter gas components remain in the radial 
center. By the time the ?uid mixture has moved through the 
plurality of separation chambers 36, a substantial percentage 
of gas has been separated and can be vented to an annulus 
56 disposed betWeen submergible pumping system 10 and 
Wellbore casing 26. The liquid is directed into pump 12 for 
pumping through tubing system 30. 

The embodiment illustrated in FIG. 1 shoWs a pair of 
separation chambers 36. HoWever, additional separation 
chambers 36, such as a third and fourth separation chamber, 
can be added if required or desired for a speci?c application. 
For example, in FIG. 2, an embodiment is illustrated in 
Which an additional separation chamber 36 has been added. 
In other respects, the embodiment of FIG. 2 is the same as 
that illustrated in FIG. 1. 

In the additional separation chamber 36, hoWever, another 
?oW-through bearing 58 and an additional vortex generator 
60 have been added. FloW-through bearing 58 and vortex 
generator 60 represent the components that are typically 
added When additional separation chambers, such as a third 
or fourth separation chamber 36, are added. 

Referring generally to FIG. 3, a more detailed illustration 
of the exemplary gas separator 18 of FIG. 1 is shoWn. In this 
embodiment, separator 18 includes a loWer mounting end 61 
that may be connected to, for instance, motor protector 16. 
LoWer mounting end 61 includes a ?ange 62 having a 
plurality of openings 64 therethrough for receiving corre 
sponding fasteners 66, such as the illustrated bolts and nuts. 
Separator 18 also includes an upper mounting end 68 that 
may be connected to, for instance, submergible pump 12. 
Upper mounting end 68 includes a plurality of threaded 
bores 70 for receiving corresponding fasteners 72, such as 
bolts, by Which separator 18 is connected to pump 12. 

The illustrated ?uid intake 52 includes a plurality of 
intake openings 74. Fluid is draWn through intake openings 
74 and into holloW interior 34 for separation of gaseous and 
liquid components. 
An exemplary inducer 42 includes a ?n 76 coiled about a 

hub 78. Fin 76 preferably is coiled in a generally helical 
pattern. In this embodiment, hub 78 is affixed to drive shaft 
38 in the rotational direction by, for instance, a key and 
keyWay (not shoWn) as is understood by those of ordinary 
skill in the art. 

First ?oW-through bearing 44 and second ?oW-through 
bearing 46 each include an inner hub 80 having an interior 
bearing surface 82 by Which drive shaft 38 is rotatably 
supported. A plurality of ?ns 84 extend radially outWard 
from inner hub 80, as best illustrated in FIG. 4. As further 
shoWn in FIG. 4, ?ns 84 are disposed at an angle such that 
the ?ns 84 are generally aligned or parallel With the direction 
in Which the circulating ?uid is ?oWing along interior Wall 
54 of outer housing 32. Furthermore, the ?ns 84 are spaced 
to create a plurality of unobstructed openings or passage 
Ways 86 betWeen adjacent ?ns. The passageWays 86 effec 
tively form a plurality of ?oW-through paths that are gen 
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erally aligned With the direction of ?uid ?oW. Thus, the 
?owing ?uid receives minimal resistance as it passes 
through each ?oW-through bearing. 

Fins 84 terminate at an outer ring 88 that lies adjacent 
interior Wall 54 of outer housing 32. Outer ring 88 in 
combination With ?ns 84 and inner hub 80 ensure that shaft 
38 is fully supported at each ?oW-through bearing region, 
eg at ?oW-through bearings 44, 46 and/or 58. The design of 
the ?oW-through bearings permits ?uid to rapidly progress 
in a circular pattern through each separation chamber 36 
along the entire length of holloW interior 34. HoWever, even 
though there are multiple separation chambers, the drive 
shaft 38 is fully supported against vibration throughout 
holloW interior 34. This permits the lengthening of gas 
separator 18 and the addition of separation chambers 36 to 
facilitate greater separation of gas and liquid. 

In the illustrated embodiment, ?rst vortex generator 48 is 
a helical propeller 90. First vortex generator 48 includes a ?n 
92 coiled about a hub 94 that is af?xed to drive shaft 38. Fin 
92 may be Wrapped about hub 94 in a generally helical 
pattern, but it preferably includes an upturned discharge end 
96 to help propel any remaining centrally located liquid 
upWardly through second ?oW-through bearing 46. 
Additionally, a gap 98 is disposed betWeen the outer perim 
eter of ?n 92 and the interior Wall 54 of outer housing 32. 
Gap 98 permits the liquids induced into circulation along 
interior Wall 54 by inducer 42 to freely travel past ?rst vortex 
generator 48. To the extent the ?uid is not circulating 
entirely along interior Wall 54, ?rst vortex generator 48 
facilitates the creation and maintenance of a ?uid vortex. 

In the illustrated embodiment, helical propeller 90 is 
disposed betWeen ?rst ?oW-through bearing 44 and second 
?oW-through bearing 46 in closer proximity to second 
?oW-through bearing 46. HoWever, the exact positioning of 
the ?rst vortex generator along drive shaft 38 may change 
depending on the type of vortex generator utiliZed as Well as 
the composition of the ?uid being separated into gas and 
liquid components. 
An exemplary second vortex generator 50 comprises a 

propeller 99 having a plurality of blades 100 extending 
radially outWard from a central propeller hub 102. Propeller 
hub 102 is rotationally af?xed to drive shaft 38 for rotation 
thereWith. 
As the circulating ?uid moves upWardly through holloW 

interior 34, the lighter gas primarily accumulates in the 
radial center of holloW interior 34 about drive shaft 38. This 
gas moves upWardly into a plurality of gas outlets 104. 
Outlets 104 direct the gaseous component of the ?uid 
outWardly to the exterior of gas separator 18 and vent the gas 
into annulus 56 through a plurality of outlet vent or ports 
106. 

Simultaneously, the heavier liquid continues to circulate 
upWardly along interior Wall 54 and into a liquid outlet 108. 
Liquid outlet 108 directs the liquid upWardly into submerg 
ible pump 12. The use of multiple separation chambers 36 
aids in the greater separation of gas that can be vented into 
annulus 56 instead of entering submergible pump 12. 

It should be noted that outer housing 32 may be formed 
from an interior liner 110 and an outer shell 112. Gas 
separator 18 may utiliZe a liner 110 made from a hardened 
steel to reduce abrasion and Wear caused by the movement 
of the Wellbore ?uids therethrough. 

Referring generally to FIGS. 5, 6 and 7, certain potential 
modi?cations of exemplary gas separator 18 are illustrated. 
In these Figures, the components described With respect to 
FIG. 3 have been provided With the same reference numer 

15 

25 

35 

45 

55 

65 

6 
als. NeWly added components have been given different 
reference numerals to aid in the description of these embodi 
ments of the present invention. 

Referring speci?cally to FIG. 5, ?rst vortex generator 48 
comprises an alternate propeller 120. Propeller 120 includes 
a hub 122 from Which a plurality of blades 124 extend. Hub 
122 is af?xed to drive shaft 38 such that blades 124 rotate 
With drive shaft 38. In this embodiment, blades 124 are 
arcuate and extend generally upWardly along drive shaft 38, 
as illustrated in FIG. 5. Preferably, alternate propeller 120 is 
located proximate ?rst ?oW-through bearing 44. 

Referring generally to FIG. 6, an embodiment is illus 
trated With three consecutive separation chambers 36. As 
described generally With reference to FIG. 2, this embodi 
ment also includes the additional ?oW-through bearing 58 
and the additional vortex generator 60. 

Speci?cally, ?rst vortex generator 48 includes a ?n 126 
coiled about a hub 128 that is af?xed to drive shaft 38. Fin 
126 may be Wrapped about hub 128 in a generally coiled or 
helical pattern. In this embodiment, ?n 126 extends to 
interior Wall 54 and permits the ?rst vortex generator 48 to 
function as a supplemental inducer. Vortex generator 48 is 
capable of supplementing the action of inducer 42, but on an 
opposite side of ?rst ?oW-through bearing 44. 

In the embodiment illustrated in FIG. 6, second vortex 
generator 50 comprises an alternate style propeller 130 
similar to propeller 120 illustrated in FIG. 5. Propeller 130 
includes a central hub 132 mounted to drive shaft 38. A 
plurality of upturned ?ns or blades 134 extend radially 
outWard from hub 132. Preferably, blades 134 do not extend 
to interior surface 54, thereby leaving a gap 136 disposed 
betWeen each blade 134 and the interior surface 54. Propel 
ler 130 is mounted proximate to and above second ?oW 
through bearing 46. 
The third vortex generator 60 is mounted proximate to 

and above third ?oW-through bearing 58. This exemplary 
vortex generator comprises a propeller 140 having a plural 
ity of blades 142 extending radially outWard from a central 
hub 144. Hub 144 is af?xed to drive shaft 38, at least With 
respect to the rotational direction, for rotation thereWith. 

Referring generally to FIG. 7, an embodiment similar to 
that illustrated in FIG. 6 is shoWn. HoWever, in the latter 
embodiment, the ?rst vortex generator 48 comprises a 
propeller 146 having a hub 148 as Well as a plurality of 
radially outWardly extending blades 150. Hub 148 is 
mounted to shaft 38. The overall design of propeller 146 is 
substantially similar to that of the second vortex generator 
50 illustrated in FIG. 6. Also, propeller 146 is mounted 
above and proximate to ?rst ?oW-through bearing 44. 
Second vortex generator 50, on the other hand, includes a 

?n 152 coiled about a central hub 154 that is mounted to 
drive shaft 38 directly above second ?oW-through bearing 
46. Fin 152 and hub 154 can serve as a supplemental inducer 
to inducer 42. In other Words, the particular style of the ?rst 
and second vortex generators 48 and 50 of FIG. 7 has been 
reversed compared to that of FIG. 6. The third vortex 
generator 60, hoWever, is substantially the same in both the 
embodiment illustrated in FIG. 7 and that illustrated in FIG. 
6. The embodiments illustrated in FIGS. 5—7 are exemplary 
alternate arrangements that can facilitate the separation of 
gas and liquid in a doWnhole, Wellbore environment. 

It Will be understood that the foregoing description is of 
preferred embodiments of this invention, and that the inven 
tion is limited to the speci?c forms shoWn. For example, a 
variety of inducers may be utiliZed; a variety of vortex 
generators, including propellers and cylinders, can be uti 
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liZed in the design; the con?guration and siZe of the gas 
separation housing can be modi?ed according to the par 
ticular environment or application; and the speci?c location 
and arrangement of interior components can be adjusted as 
required by varying design parameters and applications. 
These and other modi?cations may be made in the design 
and arrangement of the elements Without departing from the 
scope of the invention as expressed in the appended claims. 
What is claimed is: 
1. A doWnhole, gas separator for use in a submergible 

pumping system, comprising: 
an outer housing including a generally holloW interior 

divided into a plurality of separation chambers, the 
generally holloW interior being de?ned by an interior 
Wall that eXtends generally parallel to a central aXis of 
the outer housing; 

a rotatable shaft extending through the generally holloW 
interior; 

a plurality of ?oW-through bearings, Wherein each ?oW 
through bearing includes a plurality of ?ns oriented so 
as to be generally parallel with How of produced ?uid; 
and 

a plurality of vorteX generators, Wherein at least one 
?oW-through bearing and at least one vorteX generator 
is disposed in each separation chamber. 

2. The doWnhole, gas separator as recited in claim 1, 
Wherein the vorteX generator comprises a propeller. 

3. The doWnhole, gas separator as recited in claim 1, 
Wherein the vorteX generator comprises a rotating cylinder. 

4. The doWnhole, gas separator as recited in claim 1, 
further comprising an inducer, Wherein the inducer is af?Xed 
to the rotatable shaft for rotation thereWith. 

5. The doWnhole, gas separator as recited in claim 4, 
Wherein the inducer comprises a coiled ?n that induces a 
produced ?uid along a circulating ?oW path. 

6. The doWnhole, gas separator as recited in claim 1, 
Wherein the plurality of separation chambers includes tWo 
separation chambers. 

7. The doWnhole, gas separator as recited in claim 1, 
Wherein the plurality of separation chambers includes three 
separation chambers. 

8. The doWnhole, gas separator as recited in claim 1, 
Wherein the plurality of separation chambers includes four 
separation chambers. 

9. A submergible pumping system, comprising: 
a submergible pump; 

a submergible motor; 
a drive shaft for delivering poWer from the submergible 

motor to the submergible pump; and 

a gas separator mounted intermediate the submergible 
pump and the submergible motor, Wherein the gas 
separator comprises a plurality of gas separation 
regions and a plurality of ?oW-through bearings, each 
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?oW-through bearing being con?gured so that ?uid 
?oWing through each ?oW-through bearing is generally 
parallel With a How of circulating ?uid entering each 
?oW-through bearing. 

10. The submergible pumping system as recited in claim 
9, Wherein each gas separation region includes a ?oW 
through bearing disposed to support the drive shaft. 

11. The submergible pumping system as recited in claim 
10, Wherein the gas separator comprises an outer housing 
having a holloW interior therein through Which a produced 
?uid ?oWs to the submergible pump. 

12. The submergible pumping system as recited in claim 
11, Wherein the gas separator includes an inducer mounted 
to the drive shaft to induce generally circular motion of the 
produced ?uid through the plurality of gas separation 
regions. 

13. The submergible pumping system as recited in claim 
12, further comprising a vorteX generator disposed in a ?rst 
gas separation region of the plurality of gas separation 
regions. 

14. The submergible pumping system as recited in claim 
13, further comprising a second vorteX generator disposed in 
a second gas separation region of the plurality of gas 
separation regions. 

15. A method for separating gas and liquid in a produced 
?uid stream pumped through a submergible pumping system 
having a submergible motor coupled to a submergible pump 
by a rotatable drive shaft for use in a doWnhole, Wellbore 
environment, comprising: 

directing a How of ?uid through a holloW interior of a gas 
separator; 

inducing a generally circular motion to the How of ?uid as 
it passes through the holloW interior; and 

supporting the rotatable drive shaft With a plurality of 
?oW-through bearings at a plurality of regions along the 
holloW interior of the gas separator, each ?oW-through 
bearing maintaining the generally circular motion of 
the How of ?uid. 

16. The method as recited in claim 15, further comprising 
generating a vorteX Within the holloW interior by utiliZing a 
vorteX generator mounted to the rotatable drive shaft for 
rotation thereWith. 

17. The method as recited in claim 16, Wherein generating 
includes utiliZing a plurality of vorteX generators disposed in 
a plurality of regions. 

18. The method as recited in claim 16, Wherein the step of 
supporting includes orienting a plurality of ?oW-through 
paths at each ?oW-through bearing in general alignment With 
the How of ?uid. 

19. The method as recited in claim 18, Wherein inducing 
includes rotating a generally helically shaped inducer con 
nected to the rotatable drive shaft. 


